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Tapirira guianensis Aubl., a member of the Anacardiaceae from tropical South America, is characterized by a 
fleshy drupe with a relatively large, partially pachychalazal, exalbuminous seed. A distinctive feature of the 
exocarp sensu lata is the hypodermis with thickened secondary cell walls, whereas the meso carp is a typical 
sarcocarp. The relatively weakly developed endocarp sensu lata, which does not differentiate any opercula, 
differs significantly from the massive, operculate endocarp reported for other members of the Spondiadeae. 
Structurally the seed coat of T guianensis resembles that of related genera. The seed coat is of dual origin as 
it develops from the integument and the chalaza. It is undifferentiated in the sense that it lacks a definite 
mechanical layer. Species-specific differences in the Spondiadeae include the cell wall components of the 
hypostase, namely specific polysaccharides, phenolic compounds and callose. These unique features of the 
exocarp and seed coat of T guianensis may possibly constitute an alternative evolutionary strategy within the 
Spondiadeae towards the protection of the embryo. 
Tapirira guianensis Aubl., 'n lid van die Anacardiaceae van tropiese Suid-Amerika, word gekenmerk deur 'n 
vlesige steenvrug met 'n relatief groot, gedeeltelik pagichalasale endosperm lose saad . 'n Onderskeidende 
kenmerk van die eksokarp sensu lata is die hipodermis met verdikte sekondere selwande, terwyl die 
mesokarp 'n tipiese sarkokarp is. Die relatief swak-ontwikkelde endokarp sensu lata, wat geen operkulums 
differensieer nie, verskil betekenisvol van die omvangryke endokarp met operkulums wat by ander lede van 
die Spondiadeae aangeteken is. Struktureel stem die saadhuid van T guianensis grootliks ooreen met die van 
verwante genusse. Die saadhuid is van tweeledige oorsprong aangesien dit vanuit die integument en chalasa 
ontwikkel. Dit is ongedifferensieerd in die sin dat 'n definitiewe meganiese laag ontbreek. Die spesiespesifieke 
verskille in die Spondiadeae behels hoofsaaklik die selwandbestanddele van die hipostase, naamlik 
spesifieke polisakkariede, fenoliese verbindings en kallose. By die Spondiadeae mag die unieke kenmerke 
van die eksokarp en saadhuid van T guianensis moontlik 'n alternatiewe evolusionere strategie 
verteenwoordig wat die beskerming van die embrio verseker. 
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Introduction 
Tapirira Aubl. belongs to the tribe Spondiadeae of the 
Anacardiaceae (Engler 1892). It is a genus of 10-15 
species occurring mainly in tropical America (Barfod & 
Holm-Nielsen 1986). The type species , T. guianensis 
Aubi., comprises two subspecies, namely T. guianensis 
subsp. guianensis , widely distributed in lowlands from 
Panama to Brazil and Peru, (Barfod 1987) and T. guian-
ensis subsp. subandina Barfod & Holm-Nielsen 
occurring from south-western Columbia to southern 
Ecuador (Barfod & Holm-Nielsen 1986). In the present 
paper the mature fruit and seed structure of the typical 
subspecies is reported in detail for the first time-. For the 
sake of brevity the generic name Tapirira will be used 
throughout this paper. 
Corner (1976) emphasized the importance of fruit and 
seed characters in the taxonomy of seed plants. 
However, a survey of published fruit and seed data for 
the Anacardiaceae revealed a dearth of such evidence 
for this family (Von Teichman und Logischen 1988). 
Recent ontogentic studies on the pericarp and seed coat 
of three genera of the Spondiadeae (Von Teichman & 
Robbertse 1986a; Von Teichman 1987 , 1988a, b; Von 
Teichman & Van Wyk 1988) , as well as Rhus lancea L.f. 
of the Rhoeae (Von Teichman & Robbertse 1986b), has 
resulted in a reinterpretation of the pericarp of R. lancea 
and a comparison of homologous pericarp structures in 
all these taxa (Von Teichman 1989). These studies have 
also facilitated the interpretation of the mature seed coat 
and pericarp structure of Tapirira described in this 
paper. The data presented here will contribute to a more 
meaningful characterization of this genus in particular, 
and the infra-familial classification of the Anacardiaceae 
in general. 
Materials and Methods 
Mature fruit of Tapirira were kindly provided by Dr 
Anders Barfod, Botanical Institute, University of 
Aarhus , Denmark. The voucher is David Neill 6310, 
collected in Ecuador. Following the rehydration of the 
dried fruit, pieces of pericarp and seed coat were fixed in 
2.5% glutaraldehyde , dehydrated, infiltrated and 
embedded in glycol methacrylate as described by Von 
Teichman (1987) . Methods followed for the staining of 
the 2-3 fLm thick sections and tests for lipids and lignin 
are also provided in the latter paper. Total lipids (fats) in 
the air-dried cotyledons were stained directly on a slide 
with a saturated solution of Sudan IV in 70% ethanol. 
Staining for proteins followed Von Teichman (1988b) . 
For the detection of callose, 0.1 % aniline blue in 0.1 mol 
dm-3 K3P04 at pH 12.5 was used. Some sections on the 
slides were prestained with toluidine blue to increase 
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Figure 1 Transverse section of the mature perica rp of 
Tapirira guianensis subsp . guianensis. A , represents an entire 
section of the exocarp - exo , meso carp - meso and endocarp 
- endo ; showing the oute r epidermis - oe ; secretory ducts-
sc; elongated parenchyma - el.p. ; xylem - x and arrowh ead ; 
phloem - ph ; tanniniferous parenchyma - tp; subepidermal 
sclerenchyma - sci and inner epidermis - ie. B , illustrates a 
part of the outer epidermis , hypodermis with some thick-
walled parenchyma cells , while C & D, show details of the 
mesocarp and endocarp . "The exact number of cell layers is 
unknown. **The probable boundary of the exocarp. Scale bar 
in A = 150 fLm ; in B , C & D = 40 fLm. 
contrast and quench autofluorescence (Smith & McCully 
1978). Sections were examined with a Nikon Optiphot 
microscope , equipped with epifluorescence optics 
(450-490 nm B-2A excitation filter and 520 nm barrier 
filter). 
Results 
The infructescence of Tapirira is many fruited, with the 
fruit pedicels about 5 mm long. The fleshy , black-violet, 
ovate to elliptic , unilocular drupes measure 10-15 x 
5- 10 mm (Barfod 1987) and are dispersed by doves 
(Engler 1892). The exocarp is delimited externally by a 
tanniniferous epidermis covered by a well-developed 
cuticle which extends into the substomatal cavities 
(Figure 1A & B). These cavities are filled with a 
tannin iferous substance and the stomata are raised 
above the neighbouring epidermal cells (Figure 1B). 
With the exception of the cells adjacent to the 
stomata , the hypodermal layer consists of thick-walled 
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parenchyma cells. The secondarily thickened cell walls 
contain phenolic compounds as well as 1,4-linked 
polysaccharides. The protoplast contains tanniniferous 
substances and chromoplasts which probably contain 
anthocyanins . These deductions being based on the 
staining reactions with toluidine blue 0 (pH 4.4) and the 
PAS reaction. These pigments, together with the 
abundance of tanniniferous compounds in the exocarp , 
are responsible for the purplish-black colour of the 
drupes. Irregularly dispersed secondarily thickened 
parenchyma cells are present , internal to the hypo-
dermis. However , in contrast to those of the hypoder-
mis, walls of these cells do not stain with toluidine blue 0 
or show a positive PAS reaction. The remaining outer 
exocarp mainly comprises about 17 cell layers of collen-
chyma. Secretory ducts occur in the inner exocarp, 
surrounded by more or less thick-walled parenchyma . 
However , the inner boundary of the inner exocarp is 
difficult to define in the available material. 
It is difficult to precisely reconstruct the sarcocarp-like 
part of the mesocarp (Figure 1A & C) from the available 
dried fruit , since only remnants could be studied micro-
scopically. A comparison of the pericarp of Tapirira with 
that of other related species of the Spondiadeae , 
suggests that its mesocarp comprises the inner part of the 
zone with secretory ducts and several layers of 
extensively radially elongated , thin-walled parenchyma . 
The 'stone' in Tapirira consists of a relatively thin 
crustaceous endocarp and a single seed . The outer part 
of the endocarp is formed mainly by amphicribral vascu-
lar bundles and associated parenchyma (Figure 1A) . In 
cross sections the xylem often forms irregular star-
shapes , the phloem occurring at the tips of the arms. 
Crystalliferous parenchyma is present in or around these 
vascular bundles. The small , irregularly rectangular 
prisms probably constitute calcium oxalate. 
The endocarp is further characterized by an innermost 
layer of brachysclereids. These probably represent the 
differentiated inner epidermal cells of the ovary wall. 
External to this sclerified epidermis is a continuous layer 
of tanniniferous brachysclereids which is two to three 
cell layers thick (Figure 10). These sclereids approach 
the spheroidal type of monomorphic sclereid as 
proposed by Rao & Bhupal (1973). The sclereids are 
followed by a zone of densely tanniniferous parenchyma 
bordering on the vascular tissue (Figure 10) or on the 
mesocarp . 
Removal of the endocarp with its anastomosing , 
fibrous vascular bundles (Figure 2A), reveals the slightly 
compressed , partially pachychalazal seed (Figure 2B) 
which is obovate when viewed from the side. A dark 
brown saddle-like patch which is particularly noticeable 
on the inner surface where it is glabrous and glossy, 
characterizes the fragile, light brown seed coat. This 
dark brown area represents the chalazal portion of the 
seed coat, whereas the surrounding lighter part is the 
thin integumentary part. The seed coat is , therefore , of 
dual ongm. Purplish stnatlons characterize the 
planoconvex cotyledons (Figure 2C) of the slightly 
compressed , obovate embryo. 
A parenchymatous, tanniniferous epidermis covered 
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Figure 2 A, Drawings of the stone, B, the seed and C, the 
embryo. The integumentary and chalazal parts of the seed coat 
- i and ch respectively - are shown. Scale bars = 2 mm. 
with a distinct cuticle forms the outer layer of the 
chalazal seed coat. Internally lies a partly tanniniferous 
hypodermal tissue , followed by the vascular elements. 
The xylem consists mainly of tracheoids (sensu Schmid 
1986) with helical secondary thickenings. A hypostase 
sensu lato (see Von Teichman 1988a & b) comprising 
contiguous , tanniniferous parenchyma and constituting 
the inner part of the chalazal seed coat , is divisible into 
an outer and an inner portion (Figure 3A). 
About three to eleven cell layers constitute the outer 
portion, the cell walls showing a positive reaction with 
Schiff's reagent and stain pale blue to blue with toluidine 
blue O. This indicates structural similarity to the cell 
walls of most of the hypodermal cells in the exocarp. 
These hypostase cell walls , therefore , probably also 
contain l,4-linked polysaccharides and some phenolic 
compounds. 
Four to eight cell layers comprise the inner portion of 
the hypostase. These cell walls do not react with Schiff's 
reagent nor do they stain with toluidine blue O. They are 
characterized by a distinct lipidic component as well as 
the presence of callose. 
The parenchymatous outer epidermis of the raphe and 
the integumentary seed coat is also tanniniferous. In the 
outer part of the chalazal seed coat and the central layers 
of the outer integument a slight mesotestal lignification 
(Corner 1976) is present in the form of scattered U-
shaped lignified cell walls (Figure 3B) . A slight tendency 
towards an endotestal structure is evident in the inner 
epidermis of the outer integument. Only remnants of the 
inner epidermis of the inner integument are present. A 
distinct cuticular layer, (Figure 3B) , consisting of the 
cuticles of this epidermis and of the nucellar epidermis, 
also occurs and is continuous with the periphery of the 
inner hypostase. Since it seems unlikely that the lipidic 
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Figure 3 Transverse sections of the seed coat and cotyledon. 
A, the chalazal part of the seed coat - ch with epidermis - e; 
vascular tissue - vt ; hypostase - hyp and adjacent nucellus 
and endosperm remnants - arrowhead, as well as a portion of 
the cotyledon is shown. B, illustrates the integumentary part of 
the seed coat with outer epidermis of the outer integument -
oe-oi; secondary cell walls - scw; inner epidermis of the outer 
integument - ie-oi; remnants of the inner epidermis of the 
inner integument - r-ie-ii; cuticular layer - c and nucellus 
and endosperm remnants - arrowhead. C, details of the coty-
ledonary tissue with outer epidermis - e-cot; peripheral 
secretory duct - sc; storage parenchyma - sp and starch 
grains - sg are illustrated. Scale bar in A = 400 J..lm; in B & C 
= 40 J..lm. 
substances of the cuticular layer differ from those in the 
hypostase cell walls, it is suggested that these cell walls 
are impregnated with cutin , in addition to the callose . 
Internally to the inner part of the hypostase of the 
chalazal seed coat and the cuticular layer of the 
integumentary seed coat, lie the squashed, mucilaginous 
remnants of the nucellus and endosperm. Transverse 
sections of the cotyledons (Figure 3A & C), show that 
the secretion in the peripheral secretory ducts manifests 
externally as the purplish stripes on the embryo. 
However, the chemical composition of these secretions 
is unknown. The cotyledonary vascular tissue is mostly 
associated with the secretory ducts . Besides the fats, 
which stain red with sudan IV in the directy sts of the 
air-dried cotyledon material, starch forms fin important 
component of the nutrient reserves stored in the thin-
walled storage parenchyma (Figure 3C). 
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Discussion 
Both similarities and differences are evident when the 
anatomical structure of the fleshy drupes and the seed of 
Tapirira is compared with those of Lannea discolor 
(Sond.) Eng!., Sclerocarya birrea (A. Rich.) Hochst. 
subsp. caffra (Sond.) Kokwaro and Harpephyllum 
caffrum Bernh. ex Krauss (henceforth referred to as 
Lannea, Sclerocarya and Harpephyllum respectively). 
All belong to the tribe Spondiadeae and are indigenous 
to southern Africa (Von Teichman 1987, 1988a, b; Von 
Teichman & Robbertse 1986a; Von Teichman & Van 
Wyk 1988). 
In all cases the seed is animal-dispersed. The exocarp 
is very similar, comprising the outer epidermis as well as 
hypodermal layers . This represents an exocarp sensu lato 
according to Roth (1977) . This exocarp constitutes a 
functional unit. However, only in Tapirira does the 
hypodermis of the exocarp contain secondarily thick-
ened cell walls, most probably contributing towards the 
protection of the seed. Barfod (1987) mentions that in 
the genus Tapirira the exocarp does not separate from 
the mesocarp under natural conditions. This also applies 
to the related genera occurring in southern Africa. If the 
peel or exocarp is removed in fresh fruit , it tears off 
along the zone with secretory ducts. These being 
numerous and large , naturally represent a relatively 
weak part of the pericarp. This explains why the 
boundary of the exocarp is indicated within the zone of 
secretory ducts in Figure 1A. 
The mesocarp of the subfleshy drupe of Lannea is 
distinguished by the absence of an extensive radially 
elongated parenchyma . This tissue typifies the sarcocarp 
of the other species and is a clear difference between 
Lannea and the other taxa . 
The endocarp of the Spondiadeae is structurally the 
most elaborate part of the pericarp. Taxonomically it is 
perhaps the most significant. The endocarp of Tapirira is 
relatively thin in comparison with that of the other 
species (see also Von Teichman 1989). Therefore, it is 
not surprising that it is characterized by the absence of 
opercula, whereas the latter are present in Lannea, 
Sclerocarya and Harpephyllum as well as species of nine 
other genera of the Spondiadeae (Von Teichman und 
Logischen 1988). Although absent in Tapirira , which is 
considered a member of the Spondiadeae (Engler 1892), 
endocarp operculae are certainly characteristic of this 
tribe, their number and morphology being a useful 
generic diagnostic character . 
Since subepidermal layers are involved in endocarp 
formation, the endocarp in the four species under 
discussion represents an endocarp sensu lato (Von 
Teichman 1989). It is also heterogeneous and nonstrat-
ified because sclereids and/or fibres and parenchyma are 
present, but do not occur in distinct layers . 
Tapirira grows in a habitat in the tropical lowlands of 
South America which is generally warmer with greater 
moisture availability than in the savannas of southern 
Africa. This might possibly be one of the reasons why a 
massive protective endocarp as in the native taxa, has 
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not developed in this species, but is present in the 
Spondiadeae from South Africa. 
The seed coat of all the members of the Spondiadeae 
is considered undifferentiated, due to the absence of a 
definite mechanical layer or layers. It is noticeable that 
the partial pachychalaza is appreciably larger in Tapirira 
than in any of the other Spondiadeae under discussion. If 
the structure of the seed coat is considered, the following 
striking similarities are evident: 
1. a tanniniferous outer epidermis; 
2. mesotestal and endotestal lignification; 
3. reduction of the inner integument ; 
4. presence of a cuticular layer which merges into the 
periphery of the hypostase tissue ; and 
5. the hypostase tissue consisting of contiguous, relativ-
ely small, tanniniferous and thin-walled parenchyma. 
The hypostase tissue really forms the typical structure 
which characterizes the pachychalazal seed coat of many 
species of the Anacardiaceae in which the seed coat is of 
dual origin. Since a detailed review of this type of seed 
coat will be published elsewhere (Von Teichman in 
press), only the salient points will be discussed here. 
Only in Tapirira do the cell walls of the outer 
hypostase tissue contain 1,4-linked polysaccharides and 
phenolic compounds. The lipids , probably cutin, occur-
ring in the cell walls of the inner hypostase are also 
present in other members of the Spondiadeae as well as 
members of the tribes Anacardieae and Rhoeae. A more 
comprehensive histochemical survey is required to 
establish whether the callose wall component of the 
hypostase cells of Tapirira, which is also present in Rhus 
L., is a widely distributed feature or not. These cell wall 
components of the hypostase in Tapirira may render the 
seed coat more resistant to hydrolysis and to attack by 
pathogens. The hypostase tissue of the chalazal seed 
coat , together with the cuticular layer of the integumen-
tary seed coat , probably form a barrier against 
dehydration in the mature , physiologically ripe seed. 
Cellular endosperm remnants are absent in Tapirira. 
However, such remnants are present in the seed of all 
the native taxa of this tribe, as well as in Spondias L. 
(Von Teichman in press). The occurrence of starch in 
the cotyledons of Tapirira may be linked to its more 
tropical habitat. Starch also occurs in the cotyledons of 
species of Mangifera L. and Anacardium L., while 
proteins and lipids constitute the food reserves of the 
indigenous members of the Spondiadeae and in 
Spondias. Striations similar to those on the cotyledons in 
Tapirira have not yet been observed in any other 
member of the Anacardiaceae. 
Conclusions 
It is well known that peri carp and seed-coat structure 
represent genetically stable characters in Anacardiaceae 
(Magen 1912; Von Teichman und Logischen 1988). 
Despite the limited material studied, the data on 
Tapirira, could therefore still be considered valuable for 
comparative purposes . 
Tapirira yields further evidence in support of the 
hypothesis which considers the large (overgrown) and 
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pachychalazal seed as ancestral in the dicotyledons (Von 
Teichman & Van Wyk in press). Tapirira is a tropical, 
woody taxon with a relatively large, partially pachychal-
azal seed and partially starchy food reserve. Evolution-
ary trends within the Anacardiaceae probably involved a 
gradual reduction in the size of the seed and pachycha-
laza, as well as a conversion of all food reserves to 
energy-rich lipid and protein (Von Teichman & Van 
Wyk in press). 
Further comparative studies are required to assess 
whether the unique cell wall impregnations found in the 
exocarp and seed coat of Tapirira constitute an 
alternative evolutionary strategy ensuring the protection 
of the embryo. In other members of the Spondiadeae 
and also in the Rhoeae, the embryo is protected mainly 
by a massive endocarp. 
The present study clearly shows that irrespective of 
taxon-specific differences, similarities in the structure of 
the drupe and seed of the Spondiadeae support the 
delimitation of the tribe as proposed by Engler (1892). 
However, the data presented on Tapirira also suggest 
that it is not a 'typical ' member of the tribe Spondiadeae 
sensu stricto. This tribe is characterized, amongst others , 
by an operculate, massive endocarp and protein-rich 
food reserves in the embryo in contrast to the non-
operculate, relatively thin endocarp and the starchy food 
reserves in Tapirira. 
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